A tetradentate ligand of 2-phenyl-4,6-di(pyridin-2-yl)pyrimidine (L) has been synthesized and its complexes with ZnI 2 and CuI have been obtained by hydrothermal method. single crystal X-ray diffraction analysis indicates that ligand L coordinates with Zn(II) ions to form a simple four-coordinate di-nuclear complex, while the complexation of L with Cu(I) constructs a one-dimensional chain polymer. The existence of I -ion hampers the L to assemble grid-type complexes with Zn(II) and Cu(I). Fluorescence spectra show that the L emits blue fluorescence while its Cu(I) polymer decrease the fluorescence intensity and Zn(II) complex quenches the fluorescence.
Introduction
The self-assembly of suitable polydentate ligands with metal ions allows the preparation of well-defined inorganic supramolecular architectures in solution. In the last few years, much effort has been focused on the generation of inorganic arrays of various types in view of their promising physico-chemical properties and their potential application in nano-technology. [1] [2] [3] [4] [5] Among the various arrays, there is an increasing interest in [2×2] grid-shaped complexes based on ligands containing pyrimidine-type or pyridine-type groups and various transition metal ions. These grids are thermodynamically most stable when metal ions of tetrahedral or octahedral coordination geometry are combined with a planar ligand containing polydentate binding subunits.
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The [2×2] grid complexes can not only form well-defined supramolecular architectures, 11 but also exhibit interesting properties, such as special optical, 12 magnetic 13,14 and electrochemical features. 15 On the other hand, the chemistry of Zn and Cu received considerable attention in recent years due to the fact that these metal centers are catalytically active in a variety of metalloenzymes.
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Sparked by aforementioned reports, we designed and synthesized a new ligand, 2-phenyl-4,6-di(pyridin-2-yl)pyrimidine (L), which is an analogue of those ligands used to construct [2×2] grid complexes in the earlier literature. [6] [7] [8] [9] We wanted to fabricate two new [2×2] grid complexes through this new ligand with Zn(II) and Cu(I) ions. However, two unexpected non-grid complexes were obtained when the L reacted with ZnI 2 and CuI, including a simple Zn(II) dinuclear complex and a one-dimensional chain Cu(I) coordination polymer.
Herein, we wish to report the synthesis of the ligand and the two complexes as well as the crystal structures of Zn(II) and Cu(I) complexes. The fluorescence spectra measurements for the ligand and the complexes are also reported.
Experimental
Physical Measurements. Elemental analyses for carbon, hydrogen and nitrogen were performed by a Perkin-Elmer 240C elemental instrument. The melting points were determined on a Yanaco MP-500 melting point apparatus. IR spectra (4000-400 cm −1 ), as KBr pellets, were recorded on a Nicolet FT-IR spectrophotometer.
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H NMR spectra (DMSOd 6 ) were recorded on Avance Mercury plus-400 instrument with TMS as an internal standard. The fluorescence spectra in DMF solvent were measured on a F96-fluorospectrophotometer.
Synthesis of Ligand L. All chemicals were obtained from a commercial source and used without further purification.
The ligand of 2-phenyl-4,6-di(pyridin-2-yl)pyrimidine (L) was synthesized by a three-step procedure (Scheme 1).
The first step was to synthesize intermediate 1.
To a 250 mL three-necked flask were added cyanobenzene (0.5 mol) and C 2 H 5 OH (0.6 mol) with stirring. Under −10~0 o C, HCl gas was put into reaction flask until it was saturated, giving a lot of white solid. Subsequently, at room temperature, 15% NH 3 -C 2 H 5 OH (140 mL) solution was added into the flask and the mixture was stirred. After 24 h stirring, the mixture became to white pulp and the reaction was stopped. CAD4 diffractometer, respectively. Reflection data were measured at 294(2) K using graphite monochromated Mo-Kα (λ = 0.71073 Å) radiation and a ω-2θ scan mode. The correction for Lp factors and empirical absorption were applied to the data. The structures were solved by direct methods and refined by full-matrix least-squares method on F obs 2 using the SHELXTL software package. 19 All non-H atoms were anisotropically refined. The hydrogen atom positions were fixed geometrically at calculated distances and allowed to ride on the parent C atoms. For the Zn(II) complex, the final least-square cycle gave R = 0.0552, wR 2 = 0.1372 for 3765 reflections with I > 2σ(I) using the weighting scheme, w = 1/[σ The key crystallographic data are given in Table 1 .
Results and Discussion
Description of the Crystal Structure of Zn(II) Complex. The displacement ellipsoid plot with the numbering scheme for the Zn(II) complex is shown in Figure 1 . Figure 2 shows a perspective view of the crystal packing in the unit cell. Selected bond lengths and bond angles are listed in Table 2 .
The X-ray crystal structure reveals that each ligand connects two Zn(II) ions in NˆN chelation modes to form a discrete dinuclear zinc complex (Figure 1 ), which crystallizes in monoclinic space group P21/c. The coordination geometry around each Zn atom is a distorted tetrahedron completed by two I atoms and two N atoms, which come from the pyridine and pyrimidine rings of ligand L, respectively. The four Zn-I bond distances are in the range of 2.510(1)-2.544(1) Å and the four Zn-N bond distances range from 2.069(7) to 2.129(6) Å. They are all consistent with those observed in a similar tetrahedral Zn complex, with Zn-I distances being from 2.514(1) to 2.526(1) Å and Zn-N distances changing from 2.023(8) to 2.103(7) Å. 21 All of the bond distances and bond angles in the ligand L are in the normal range. The pyridine ring containing N(1) atom and C (6) , N(2) and C(14) atoms define a plane P1, while the other pyridine ring containing N(4) atom and C (8) , N(3) and C(14) atoms define another plane P2. The dihedral angle between P1 and P2 is 9.68(2)º and the dihedral angles between the phenyl ring and the P1 and P2 are 58.31(3)º and 59.79(3)º, respectively.
Description of the Crystal Structure of Cu(I) Complex. The displacement ellipsoid plot with the numbering scheme for the Cu(I) complex is shown in Figure 3 . Figure 4 shows a perspective view of the crystal packing in the unit cell. Selected bond lengths and bond angles are listed in Table 3 . Table 2 . Selected bond lengths (Å) and bond angles (°) for the Zn(II) complex
The crystal structure analysis indicates that the repeat unit of the Cu(I) complex contains two copper(I) atoms, one ligand (L) and two iodide ions. In each unit, there exists a C2 symmetry axis along the C-C bond which connects the phenyl ring and the pyrimidinyl ring together. Each Cu(I) ion adopts a distorted tetrahedral geometry and coordinates with two individual I − ions and two N atoms, which come from the pyridyl and pyrimidinyl rings of the L, respectively. The two individual I − ions act as two bridges to join two Cu(I) atoms to form a planar rhombic Cu 2 (µ-I) 2 core with bond angle Cu(1)-I(1)-Cu(1A) being 59.79 (4) o . These Cu 2 (µ-I) 2 core units are then linked by the ligands to generate a one-dimensional coordination polymer, as shown in Figure 5 . The lengths of Cu-N and Cu-I bonds are all comparable with those reported in similar complexes.
22,23
All the bond distances in the ligand L fall within the normal range. The CuLCu separation of 2.585(2) Å lies within the range of ''cuprophilic'' interactions and is comparable to that in similar iodide complexes (2.530-2.612).
22,24 The pyrimidinyl ring and two pyridyl rings are almost co-planar in P1. The dihedral angle between P1 and the phenyl ring is 49.77(3)º.
Preparation of the Zn(II) and Cu(I) Complexes. Comparing the synthetic conditions of the above Zn(II) and Cu(I) complexes with those used in the earlier [2×2] grid complexes, [6] [7] [8] [9] we found that in order to obtain [2×2] grid complexes, one must not only select the appropriate ligand, but also choose the right metal-salt. In the earlier literature, the metal-salts were not simple ones, including [Cu(CH 3 CN) 4 ]PF 6 , Cu(CF 3 SO 3 ) 2 ·C 6 H 6 , Zn(BF 4 ) 2 , AgCF 3 SO 3 , AgBF 4 , Co(BF 4 ) 2 , Fe(BF4) 2 , Mn(ClO 4 ) 2 and so on. In these metal-salts, the anions are not simple anions and all these anions were found not to coordinate with metal ions in the corresponding [2×2] grid complexes. For example, Lehn and co-workers 6 ever reported a similar ligand, 2-phenyl-4,6-di(6-methyl-pyridin-2-yl) pyrimidine (Me-L), which only has one more methylgroup than the ligand L. When the Me-L reacted with AgCF 3 SO 3 , [Cu(CH 3 CN) 4 ]PF 6 and Zn(CF 3 SO 3 ) 2 , respectively, three [2×2] grid-type coordination scaffolds with Cu(I), Ag(I) and Zn(II) were obtained and all the anions did not take part in coordination. However, in our synthesis no [2×2] grid-type complexes were formed when the L reacted with ZnI 2 and CuI, and the I − anion acts as coligands to participate into coordination with the central metal ions. It can be deduced that the existence of I -ions hamper the L to assemble grid-type complexes with Zn(II) and Cu(I). Similar phenomena were also reported in literature, 21 where two ligands containing pyrimidinyl groups were potential polydentate ligands to form [2×2] grid-type complexes. However, only dinuclear Cd(II) and Zn(II) complexes were found when these two ligands reacted with CdI 2 and ZnI 2 , and I − ions attached to the central metal ions, respectively. Fluorescence Spectra. The fluorescence spectra in DMF solvent show that ligand L exhibits an intense blue fluorescence at about 412 nm when irradiated at 365 nm, while the Cu(I) polymer displays a decreasing emission at about 413 nm ( Figure 6 ). However, the Zn(II) di-nuclear complex quenches fluorescence completely. Generally, quenching of the fluorescence of a ligand by transition metal ions is a rather common phenomenon which involves magnetic perturbation, redox activity, electronic energy transfer, photo induced electron transfer (PET), etc. This is because of the facts that complexation with the metal ions increases the chance of an intraligand fluorescence quenching (PET) process and that the chelation brings in rigidity, increasing the chance of radiationless decay. 25 Namely, the chelation enhancement of the quenching (CHEQ) leads to a strong decrease in the emission intensity. 26 As for the two title complexes, just as described in the structure description section, the chelation of metal ions with the L makes the dihedral angles between the phenyl ring and the other parts of the L (pyrimidinyl ring and two pyridyl rings) being 49.77(3)º in the Cu(I) polymer and 58.31(3)º-59.79(3)º in the Zn(II) dinuclear complex, which maybe ultimately result in their different fluorescence behaviors.
Conclusion
A ligand, 2-phenyl-4,6-di(pyridin-2-yl)pyrimidine (L), has been synthesized, which fits to construct [2×2] grid-shaped complexes. However, when the L hydrothermally reacted with ZnI 2 and CuI, a Zn(II) di-nuclear complex with the two Zn(II) ions adopting distorted tetrahedral geometry and a Cu(I) coordination polymer were obtained. In the Cu(I) polymer, each Cu(I) ion falls in tetrahedral environment and two I − ions bridge two Cu(I) ions to form a Cu 2 (-I) 2 core. These Cu 2 (µ-I) 2 core units are further linked by the ligands to generate a one-dimensional coordination polymer. Comparative studies indicate that in order to obtain [2×2] gridshaped complexes, it is necessary to choose right metal-salts as well as organic ligands. Fluorescence spectra suggest that the L emits blue fluorescence, while its Cu(I) polymer decreases the fluorescence intensity and Zn(II) complex quenches the fluorescence.
